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(54) Title: IMPROVEMENTS IN CO-GENERATION SYSTEMS 
(57) Abstract 



A co-generation system (2, 102, 202) 
for producing heat, hot water and electricity 
for a building is provided whilst generating 
a minimum of noise and vibration within 
the building. The system (2, 102, 202) 
includes an engine (8) and burner (9) with 
a generator, a storage tank (3), for storage of 
primary water, which is adapted to contain 
therein the engine (8) and generator, means 
for circulating and heating the primary water, 
and means for venting exhaust gases to the 
outside of the building. The hot water 
may also be secondary water and either or 
both water may be potable. The engine (8) 
optimally operates on a Stirling cycle. The 
building may be a commercial or domestic 
dwelling which is free standing or part of a 
larger structure or may be mobile. 
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WO 99/40310 PCT/NZ99/00017 
TITLE: IMPROVEMENTS IN CO-GENERATION SYSTEMS 
Technical Field 

The present invention relates to improvements in co-generation systems, and more 
particularly in systems that can be used in domestic or small commercial settings. 

5 

Background Art 

Co-generation is generally defined as a process where an engine is used to generate both 
heat and electrical power. It also generally refers to the use of the waste heat from the 
engine as the source of heat for space heating of the dwelling in which the process 
1 0 occurs. Also, the space heating is either by use of hot water in space heaters or by forced 
air heaters. 

Examples of prior art of co-generation systems can be seen in US Patent No 4680478 
(Wicks) and subsequent articles in Popular Science, such as "Home-size Co-generator" 
by V. Gilmore, on this invention by Wicks. The co-generation system disclosed uses an 
15 internal combustion engine and a forced air heat exchanger. However, as discussed by 
Meijer in US Patent No 50741 14, such engines have a short life and high maintenance 
costs. 

Alternatives to the internal combustion engine in such a co-generation system were 
discussed in the publication "Stirling-Cycle Machines" by G. Walker (Oxford, 1973). This 
20 discloses the Stirling engine and gas turbine as alternatives to the internal combustion 
engine in co-generation systems. 

Meijer also discloses a co-generation system with a Stirling Cycle engine. Meijer 
addresses some of the above problems, disclosing a system in which the Stirling engine 
can run on one of a variety of fuels, in which excess electricity can be sold to the national 
2 5 grid or local power network; and in which a heat exchanger is added to recover heat from 
the exhaust gases of the engine, for use in space heaters and the like. 

However there are two problems of co-generation systems that are not addressed in any 
of the known co-generation systems disclosed above. The first of these is the sometimes 
unacceptable noise and vibration of the engine within the system. This is of especial 
30 concern where the co-generation system is set within a domestic dwelling or small 
commercial building. Further, none of the prior art discloses a system that is of a size to 
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be usable in a mobile situation, for example, in a vehicle designed for living in, or a yacht. 
An aircraft is also a possible vehicle. 

Also, at present the disclosed, known methods of co-generation mainly use open systems 
in heat reticulation. One partially closed system is disclosed in Meijer. However this 
5 closed system uses only a forced air heater, or an air conditioner. Extensive systems of 
heat usage with water, and water or air reclamation, are not disclosed. 

An object of the present invention is the provision of a co-generation system for a 
domestic or commercial building, being a system which includes a water storage tank, 
whereby the system provides for secondary heat recovery from the engine, and provides 
1 0 means for reduction in the vibration and noise of the engine used. A further object of the 
present invention is the provision of a co-generation system whereby the storage tank for 
the coolant water and the coolant water itself are used for the secondary heat exchange 
and as the means to reduce the noise and vibration of the engine. 

A yet further object of the present invention is the provision of a co-generation system that 
15 takes up no more room than a hot water storage tank. 

Another object of the present invention is to address the problems discussed above, or 
at least to provide the public with a useful choice. 

Further aspects and advantages of the present invention will become apparent from the 
ensuing description which is given by way of example only. 

20 

Disclosure of Invention 

The present invention provides a co-generation system for producing heat, hot water, and 
electricity, said system being contained within a building and said system comprising: 

an engine with a burner and an electric generator; 

25 a tank for storage of primary water, 

means for circulating said primary water about said engine; 

means for venting exhaust gases from said engine to the outside of the building 
housing the co-generation system, said means including a first heat exchanger for cooling 
said exhaust gases; 

30 means for circulating the primary water to and from the first heat exchanger to 
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produce said heat; 

means for directing said heat to space heaters; 

and wherein the improvement comprises: 

the water storage tank being adapted to contain therein the engine and 
5 generator in fluid isolation from the primary water within the storage tank, said tank and 
primary water providing means to reduce noise and vibration of the co-generation system. 

According to another aspect of the invention there is provided a co-generation system as 
described above, wherein said means for directing heat includes a second heat 
exchanger; wherein said second heat exchanger heats secondary water. If hot water is 
10 to be drawn from said system, the hot water is either the primary water or the secondary 
water; 

According to another aspect of the invention there is provided a co-generation system as 
described above, in which the system is usable in mobile buildings. For the purposes of 
this specification, the term "mobile building" is used to define, but is not limited to, 
15 movable dwellings, movable homes or vehicles, yachts, and the like. 

Optionally, the hot water drawn from the system is potable. Optionally, said tank is also 
a primary heat exchanger from the exhaust gas to the primary water. Preferably the 
storage tank includes a cavity which is adapted to contain the engine and generator. 

Preferably, said engine is a Stirling engine. Preferably, said engine is a Stirling engine 
2 0 which can operate on one of a plurality of fuels. Preferably, the system also includes a 
heat sink or heat exchanger that can be used to transfer excess heat out of the system 
when the system is required for electricity generation only, and not for heat generation. 

Optionally, , the system also includes the ability to transfer excess electricity to the 
25 national power grid or to another power storage facility (for example, battery storage of 
known type) when only heat is drawn from the system. 

Brief Description of the Drawings 

By way of example only, preferred embodiments of the system of the present invention 
30 are described in detail, with reference to the use of a multi-fuel Stirling engine, and with 
reference to the accompanying drawings, in which:- 
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Fig. 1 is a diagrammatic arrangement of the elements of a first preferred 
embodiment of the co-generation system of the present invention; 

Fig. 2 is a partial section view of the Stirling engine used in the co-generation 
system of the present invention; 

5 Fig. 3 is a diagrammatic arrangement of the elements of a second preferred 

embodiment of the co-generation system of the present invention; and 

Fig. 4 is a diagrammatic arrangement of the elements of a third preferred 
embodiment of the co-generation system of the present invention. 

1 0 Best Modes for Carrying Out the Invention 

Referring to Fig. 1 of the drawings, a first preferred embodiment of the co-generation 
system 2 of the present invention is thereshown. The co-generation system 2 includes 
a water storage tank 3 enclosed within an outer casing 4, for housing primary water. The 
outer casing 4 is shaped and constructed to stand alone or to be supported or suspended 
15 in an elevated position. 

Between the storage tank 3 and the outer casing 4 is an insulating material 35, of known 
type, which is packed about the storage tank 3, in known manner. The insulating material 
35 generally aids in supporting the storage tank 3 within the outer casing 4, in addition to 
its primary function of insulation. Such known arrangements can include, for example, 
20 a commercially available domestic hot water cylinder and outer casing. 

The storage tank 3 includes a shaped cavity 5 in the upper portion thereof. The size of the 
storage tank 3, and therefore the size of the cavity 5, will depend to some extent on the 
size of the co-generation system 2 required for the building in which it is operating. 
However, the capacity of the storage tank 3 can be in the range 20 litres to 1 ,000 litres of 
25 water. 

The cavity 5 includes an arcuate bottom 6 and straight sides 7 and is generally circular 
in cross-section. Referring also to Fig. 2, the cavity 5 is of a size that is capable of 
receiving therein an engine 8 of the co-generation system 2. 

Referring to Fig.s 1 and 2, the engine 8 is shown diagrammatically as a Stirling engine 8. 
30 The engine 8 includes a single burner 9 (with associated air pump) with an air inlet 10 
and an exhaust outlet 11. The engine 8 also houses a known generator (not shown, but 
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incorporated generally with the engine reference numeral 8) at the lower end 12 thereof. 
The generator is connected in known manner to the output shaft (not shown) of the 
engine 8. 

Referring to Fig. 1, the primary pipes (13, 14) connect the storage tank 3 to the engine 
5 coolant outlet and inlet respectively, in known manner. A small water pump 21 (for 
example, an impeller type pump) is used to assist in the circulation of primary water to and 
from the storage tank 3 and around the primary pipes (13, 14). 

The primary pipe 13 is connected to a first heat exchanger 15. The exhaust outlet 1 1 from 
the engine 8 is connected by the piping 1 6 to the first heat exchanger 1 5. The first heat 
10 exchanger 1 5 has a gas outlet piping 17 in which the exhaust gas is at a temperature not 
greater than 90°C. The outlet piping 17 passes through a second heat exchanger 19, 
further reducing the temperature of the exhaust gas. 

The gas travels from the second heat exchanger 19 to the exterior 20 of the building. The 
first heat exchanger 15 is of any known type of gas/liquid heat exchanger and can include, 
15 for example, a coil heat exchanger or a finned heat exchanger, both of known type. 

In this first embodiment of the co-generation system 2, the direction of the primary water 
from the storage tank 3 is as follows: from storage tank 3 the water is moved via the pump 
21 to the first heat exchanger 15. From the first heat exchanger 1 5 the partially heated 
primary water is transferred through the primary pipe 13 to act as coolant water for the 
20 engine 8. From the engine 8, the primary pipe 14 carries the fully heated primary water 
to the storage tank 3 where it is stored until used in the space heating reticulation as 
described below. 

The heated primary water stored in the storage tank 3 is used for space heating, in known 

manner, in a reticulation system in the building, by the operation of a pump 23, a 
25 secondary pipe 24 and water space heaters 27. With appropriate valves and taps (not 

shown) a water/water heat exchanger 26 can be switching into this reticulation system. 

The water/water heat exchanger 26 is used to further heat potable hot water for later use. 

In addition, the potable water also receives preliminary heating in the- second heat 

exchanger 1 9, which is a gas/liquid heat exchanger using the exhaust gas from the engine 
30 8. The potable water travels between the second heat exchanger 1 9 and the water/water 

heat exchanger along the contributory pipe-work 22. 

The reticulation system is denoted by the water route through storage tank 3, the 
secondary pipe-work 24, the heat exchanger 26, the water space heaters 27, and back 
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to the storage tank 3. This reticulation is a closed loop or closed system. 

Referring to Fig. 1 , the manner of securement of the engine 8 within the storage tank 3 
is shown. The engine 8, with the exception of the top of the burner 9, the exhaust inlet 10 
and outlet 11 1 is positioned within the cavity 5. The cavity 5 is straight sided, with a circular 
5 cross-section. The bottom 6 of the cavity 5 is arcuate. 

Referring to Fig. 2, four engine mount supports 28 are spaced evenly about the engine 
8. Each support 28 includes a lower flange 29 at one end of the support 28. Each lower 
flange 29 is adapted for receiving a bolt of known type (not shown) therethrough. Each 
support 28 includes an upper flange 30 at a second end. Each upper flange 30 is 
1 0 adapted from receiving a bolt of known type (not shown) therethrough. The upper flange 
30 points outward from the engine 8, and the lower flange 29 faces inward, relative to the 
engine 8. It will be appreciated that the number of mounts 28 and associated parts can 
be greater or fewer than four (for example, three or six). 

Secured to the engine 8 are four lugs 31, each positioned to engage with a lower flange 
15 29. A shock absorber 32 is secured between each lug 31 and the respective lower flange 
29 by the bolts and nuts. In like fashion, a shock absorber 32 is secured between each 
respective upper flange 30 and a section of the wall 33 of the storage tank 3. The shock 
absorbers 32 can be of any known type, for example a spring shock absorber or a rubber 
shock absorber. The shock absorber 32 could also be of a plastic material, if so desired. 

2 0 The effect of this described arrangement of the first preferred embodiment of the engine 
mounting is that the engine 8 is "soft mounted" within the cavity 5. However, in a second 
preferred embodiment, the engine 8 is "hard mounted", without isolation between the 
engine 8 and the storage tank 3. This is achieved by using bolts without shock absorbing 
means (32) associated with the engine mounts 28 of the engine 8. 

25 These two preferred embodiments of the mounting of the engine 8 each aid in 
substantially reducing the vibration and noise transmitted from the engine 8 to the dwelling 
or building. The transfer of the vibration from the engine 8 is to the storage tank 3, and 
its absorption in the tank 3 indirectly aids in generating heat within the storage tank. Thus 
the arrangement of the shape of the storage tank 3 and the placement of the engine 8 in 

30 the cavity 5 ensures that the cavity 5 and the storage tank 3 also act as a subsidiary 
means of heat transfer to the water in the storage tank 3. 

The cavity 5 has been described as including straight sides 7 and a bottom 8, with a 
circular cross-section. However it will be appreciated that the cavity 5 may be of a 
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different shape and cross-section, as is desired, without departing from the scope of the 
invention. For example, the cavity 5 may be square or rectangular in cross-section. Also, 
the cavity 5 may be profiled or contoured to a shape slightly larger than the shape of the 
engine 8 contained within the cavity 5. 

5 Similarly, the space between the straight sides 7 and the engine 8 at present is 
unspecified. Air is present in the first embodiment of the co-generation system 2 
described above. However, it will be appreciated that the cavity 5 could be filled with a 
material that is highly heat conductive. Such a material would additionally act as a part 
of the supplementary heat exchanger to transfer heat from the engine 8 to the primary 
1 0 water in the storage tank 3. 

If so desired, and with minimal rearrangement, in a further embodiment of the cavity 5, this 
cavity 5 could optionally be used to conduct pre-combustion air from the inlet 10 through 
this cavity 5 before it enters the burner 9. 

In a further preferred embodiment of the storage tank 3 and engine 8, the cavity 5 could 
15 be completely absent. The casing of the engine 8 is jadapted as the wall of the cavity 5, 
thereby transmitting noise and vibration directly to the storage tank 3 and into the water 
in a more efficient manner. 

Referring to Fig. 1 , the most efficient temperature of the primary water in the storage tank 
3 will be dependent on a large number of factors. However, in practice it has been found 

20 that (regardless of the size of the storage tank 3) the most efficient primary water 
temperature for the storage tank 3 is in the range 65 to 80°C. With the first embodiment 
of the co-generation system 2 as described above, with an exit temperature for the 
exhaust gas of less than 90°C and with the storage tank 3 temperatures in this range, H 
has been found in practice that an efficiency of 90% or more can be obtained for the 

2 5 calorific value of the fuel burnt; the output being electricity, heat or a combination thereof. 
Hot potable water is a further possible output 

Alternatively, if the efficiency of the cooling of the engine 8 is very efficient, to near 100% 
efficient, then an insulating material may be used in the cavity 5. Such an insulating 
material could be the same as that used for the material of insulating material 35, for 
30 example: fibre glass or matted, bat form or other known insulating material used in hot 
water cylinders or boilers. 

Referring to Fig. 1 , by appropriate arrangement and moulding, a suitable header tank of 
known type (not shown) for water entering the storage tank 3 could be placed above the 
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first heat exchanger 15 and below the insulating material 35. Alternatively, the first heat 
exchanger 15 and engine 8 could be dropped further down into the storage tank 3 so that 
such a header tank could be inserted above the first heat exchanger 15, within the storage 
tank 3. 

5 A second embodiment of the co-generation system 102 is shown in Fig. 3. Like 
numbered parts, performing in similar manner, or being the same as in the first 
embodiment of the co-generation system 2, have the same number. 

In this embodiment, the heat exchange in the reticulation system occurring between the 
primary water in the storage tank 3 and the water space heaters 27 and heat exchanger 
10 26 is identical to the arrangement in the first preferred co-generation system 2. However, 
the arrangement of heat exchange of the primary water with the exhaust gas and the 
engine 8 cooling is altered to a second preferred embodiment. 

In this second embodiment of the co-generation system 102, the primary water from 
storage tank 3 leaves storage tank 3 via the pump 21 and enters the engine 8 to act as 
15 the engine 8 coolant The primary pipe 1 14 transfers the partially heated primary water 
to the first heat exchanger 15. The primary pipe 113 transfers the now fully heated 
primary water back to the storage tank 3. 

Thus, in this second embodiment, the temperature of the exit gases from the first heat 
exchanger 15 will be higher than that in the first embodiment This will cause the second 
2 0 heat exchanger 1 9 to be more efficient than in the first preferred embodiment However, 
this will be offset by the slightly lower efficiency of the first heat exchanger 15. 

A third preferred embodiment of the co-generation system 202 is shown in Fig. 4. Where 
like parts are used in the same manner as the first preferred embodiment, they have the 
same number. In this embodiment of the co-generation system 202, the space heating 
2 5 reticulation system (using the pump 23, the water space heaters 27, the secondary pipe- 
work 24 and the heat exchanger 26) is unchanged from that previously described in the 
first preferred embodiment. 

Within the outer casing 4 of the storage tank 3 the modification is that the first heat 
exchanger 15 is omitted and the storage tank 3 acts as the primary or main heat 
30 exchanger. This is achieved by the transfer of primary water via the pump 21 to the 
engine 8 to act as the engine coolant (as previously described). From the engine 8 the 
primary pipe 21 4 leads directly back to the storage tank 3. 
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The gas exhaust from the burner 9 travels via the outlet 1 1 to a coil heater exchanger 215 
within the storage tank 3. The outlet from the heat exchanger 215 is through the outlet 
piping 217 to the exterior 20, which operates as previously described. The heat exchanger 
21 5 may be any known type of coil or finned heat exchanger. 

5 In this third embodiment of the co-generation system 202, the movement of the primary 
water from the storage tank 3 to the engine 8, and from the storage tank 3 to the space 
heating reticulation by the pump 23 ensures movement of the water within the storage 
tank 3, so that layering of heat within the storage tank 3 does not occur. This ensures that 
the heat exchange via heat exchanger 21 5 operates at the maximum possible efficiency. 
10 The coil heat exchanger 215 is shown in Fig. 4 as being immediately adjacent the engine 
8 within the storage tank 3. However, it will be appreciated that the placement of the coil 
heat exchanger 215 may be at any point within the storage tank 3 for convenience and 
maximum efficiency of operation. 

In the second and third embodiments (Fig.s 3 and 4) the mounting of the engine 8 is as 
1 5 described above for the first preferred embodiment of the co-generation system 2. 

The co-generation system (2, 102, 202) has been described with reference to a Stirling 
engine with a single burner 9. The number of cylinders (not shown) within the engine 8 
is optimally four. However, it will be appreciated that the number of burners 9 and 
cylinders may be varied to suit the output heating and electrical generation requirements 
20 of the co-generation system (2, 102, 202). Additionally, if so desired, the Stirling engine 
may be a free-piston Stirling engine, or may be replaced with a gas turbine or an internal 
combustion engine. 

Likewise, the embodiments described above ail include or show two space heaters 27 in 
the reticulation of the heating. However, it will be appreciated that more than two space 
2 5 heaters 27 may be included in the space heating system. It will further be appreciated 
that previously extant space heating systems within a building can be adapted for 
connection, in known manner, to form part of the co-generation system (2, 102, 202). 

The generator (not shown) used may be of any known type. Depending on the heat 
requirements of the building in question, the generator is most generally one that is less 
30 than 10 kilowatts in output If more, or different, requirements are made on the electrical 
generation usage, battery storage of electrical energy may also be added, in known 
manner. 

The three embodiments of the co-generation system (2, 102, 202) are described above 
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indicating that the primary water in the storage tank 3 and its reticulation (both to heat the 
water and use of that heat) are closed systems. As such, anti-corrosion chemicals or 
corrosive inhibitors may be added to the water to preserve or extend the life of the pipes, 
valves, taps and the storage tank 3. 

5 The heat exchange to potable water (carried in the pipe 22) is the disclosed method of 
providing potable hot water which is drawn from the co-generation system (2, 1 02. 202). 
However, it will be appreciated that such a system may be altered, in known manner, so 
that the primary water in storage tank 3 is the potable water which is drawn off as demand 
requires and is replaced by cold water. 

1 0 Further, it will be appreciated that the space heating is conducted with heat exchange to 
the space heater (27) water could also be via one or more heat exchangers 26 with the 
hot potable water. This would mean that the space heating was a secondary use of the 
heated water, and not the primary use as described in the three embodiments above. 

Also, it will be appreciated that, as with other known co-generation systems, forced air 
15 heaters may be used in a separate reticulation system or as a replacement reticulation 
system to the use of the water space heaters 27. The addition of an air/water heat 
exchanger of known type, proceeded with in known manner, could be included in the heat 
reticulation system about the building. 

All heat exchangers (15, 19, 26, 215) described here are disclosed as counter-current 
20 heat exchangers. However, it will be appreciated that other known types of heat 
exchangers can be used, without departing from the scope of the invention. For example, 
co-flow heat exchangers may be used, with attendant rearrangement of pipe-work, in 
known manner, within the co-generation system (2, 102, 202). 

Further, it will be appreciated that if the space heaters 27 (or equivalent) on the secondary 
2 5 pipe-work 24 are not providing sufficient heat, a booster heater (not shown) may be added 
to the heating reticulation. Such a booster heater could, for example, be from the group 
a gas heater, a diesel driven heater, an electric heater, a heater with an independent 
power source, or a combination thereof, as is desired. 

Finally, as an additional embodiment, the use of the heat in an air conditioner may be 
30 incorporated into the system (2, 102, 202) in known manner. 

Whilst the term "building" has been used through the detailed description of this invention, 
it will be appreciated by those skilled in the art, that this term encompasses a structure 
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which can be selected from: a stand alone domestic dwelling; a domestic dwelling forming 
part of a larger construction, a commercial construction, and a mobile building. Optionally, 
the mobile building can be selected from a recreational vehicle, a mobile home, a mobile 
vehicle, a yacht, and an aircraft. 

Aspects of the present invention have been described by way of example only and it 
should be appreciated that modifications and additions may be made thereto without 
departing from the scope thereof. 
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CLAIMS: 

1. A co-generation system for producing heat, hot water, and electricity, said 

system being contained within a building and said system comprising: 

an engine with a burner and an electric generator; 

5 a tank for storage of primary water, 

means for circulating said primary water about said engine; 

means for venting exhaust gases from said engine to the outside of the building 
housing the co-generation system, said means including a first heat exchanger for cooling 
said exhaust gases; 

1 o means for circulating the primary water to and from the first heat exchanger to 

produce said heat; 

means for directing said heat to space heaters; 
and wherein the improvement comprises: 

the water storage tank being adapted to contain therein the engine and 
1 5 generator in fluid isolation from the primary water within the storage tank, said tank and 
primary water providing means to reduce noise and vibration of the co-generation system. 

2. A co-generation system as claimed in claim 1 wherein said storage tank 
includes a cavity for containing said engine and generator. 

20 

3. A co-generation system as claimed in claim 2 wherein said cavity includes 
straight sides and an arcuate base, is of a constant cross-section, and includes a gap 
about the engine and generator between the walls of the cavity and the engine and 
generator. 

25 t 

4. A co-generation system as claimed in claim 2 wherein said cavity wall has a 
cross-section profile that is complementary to the profile of the engine and generator with 
a gap around the engine and generator. 
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5. A co-generation system as claimed in any one of claims 2 to 4 wherein said 
gap is filled with a substance selected from the group: air, a heat conductive material, and 
a heat resistant material. 

5 

6. A co-generation system as claimed in any one of claims 2 to 5 wherein said 
gap is filled with air and the cavity conducts pre-combustion air to the burner of the 
engine. 

10 7. A co-generation system as claimed in any one of claims 2 to 6 wherein said 

cavity includes a plurality of engine mounts, each mount being connected to the side of 
the cavity of the storage tank, and at the second end to the engine, said mounts retaining 
and supporting the engine and generator substantially within the cavity. 

15 8. A co-generation system as claimed in claim 7 wherein said engine mounts 

further include shock absorbing means isolating the engine in a soft mounting. 

9. A co-generation system as claimed in claim 8 wherein said shock absorbing 
means is selected from the group: spring shock absorbers, rubber shock absorbers, 

20 absorbers of plastics material. 

10. A co-generation system as claimed in claim 1 wherein the exterior surface of 
the engine and generator forms the means to retain the engine and generation in fluid 
isolation within the storage tank. 

25 

11. A co-generation system as claimed in any one of the preceding claims wherein 
the means for directing said heat to space heaters includes directing said heat to a 
second heat exchanger, in which secondary water is heated. 
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12. A co-generation system as claimed in claim 1 1 wherein hot water drawn from 
the system is potable and selected from either the primary or the secondary heated water. 

1 3. A co-generation system as claimed in any one of the preceding claims in which 
5 said burner includes an air inlet and an exhaust outlet, and said means for circulating the 

primary water to produce heat include: 

primary inlet and outlet piping into and out of the storage tank, said primary 
outlet piping being connected to an inlet end of the first heat exchanger, and said primary 
inlet piping being connected to an outlet of an engine cooling means; 

10 a pump connectable to the primary outlet piping for assisting water circulation; 

and 

piping between an outlet of the first heat exchanger and an inlet of the engine 
cooling means, for piping water therebetween; 

and wherein the exhaust outlet of the burner is connected by piping to an inlet 
1 5 side of the first heat exchanger. 

14. A co-generation system as claimed in any one of claims 1 to 12 in which said 
burner includes an air inlet and an exhaust outlet, and said means for circulating the 
primary water to produce heat include: 

20 primary inlet and outlet piping into and out of the storage tank, said primary 

outlet piping being connected to an inlet end of an engine cooling means, and said 
primary inlet piping being connected to an outlet of the first heat exchanger; 

a pump connectable to the primary outlet piping for assisting water circulation; 

and 

2 5 piping between an outlet of the engine cooling means and an inlet of the first 

heat exchanger, for piping water therebetween; 

and wherein the exhaust outlet of the burner is connected by piping to an inlet 
side of the first heat exchanger. 
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15. A co-generation system as claimed in any one of claims 1 to 12 in which said 
burner includes an air inlet and an exhaust outlet, and said means for circulating the 
primary water to produce heat include: 

primary inlet and outlet piping into and out of the storage tank, said primary 
outlet piping being connected to an inlet end of an engine cooling means, and said 
primary inlet piping being connected to an outlet of the engine cooling means; 

a pump connectable to the primary outlet piping for assisting water circulation; 
and wherein 

said first heat exchanger is positioned within said storage tank and the exhaust 
outlet of the burner is connected by piping to an inlet side of the first heat exchanger. 

16. A co-generation system as claimed in any one of the preceding claims wherein 
said means for venting exhaust gases further includes piping to conduct the outlet gases 
from the first heat exchanger through a second heat exchanger and then to the outside 
of the building. 

17. A co-generation system as claimed in any one of the preceding claims wherein 
said means for directing said heat include: 

secondary outlet piping from the storage tank; 

a pump connected to the secondary outlet piping for assisting in the circulation 
of the primary water; 

one or more space heaters within the building; 

secondary inlet piping conducting the water from the or each space heater to 
the storage tank. 

18. A co-generation system as claimed in claim 17 wherein said system further 
comprises: 

a water/water heat exchanger connectable between two points in the piping 
within said means for directing heat; 
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the water heating being secondary water which is potable. 

19. A co-generation system as claimed in claim 18 wherein said secondary water 
also passes through a second heat exchanger in which heat is exchanged to the 
secondary water from exhaust gas. 

20. A co-generation system as claimed in any one of the preceding claims wherein 
the capacity of the storage tank is between 20 and 1000 litres. 

21 . A co-generation system as claimed in any one of the preceding claims wherein 
the storage tank includes an outer casing and insulating material positioned about the 
storage tank. 

22. A co-generation system as claimed in claim 21 wherein said casing is adapted 
such that the storage tank is a free-standing unit. 

23. A co-generation system as claimed in any one of the preceding claims wherein 
said engine is selected from the group consisting of: a Stirling engine running on one 
specific fuel, a Stirling engine adapted to operate on one of a plurality of fuels, a free 
piston Stirling engine; a gas turbine and an internal combustion engine. 

24. A co-generation system as claimed in any one of the preceding claims wherein 
the heat exchangers are selected from either counter-current heat exchangers or co-flow 
heat exchangers. 

25. A co-generation system as claimed in any one of the preceding claims wherein 
said means for directing heat to space heaters further comprises a booster heater 
connectable to the secondary piping. 
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26. A co-*jeneration system as claimed in any one of the preceding claims wherein 
said system further comprises an air conditioner connectable to the means for directing 
said heat to space heaters. 

5 27. A co-generation system as claimed in any one of the preceding claims wherein 
said building is a structure selected from the group: a stand alone domestic dwelling; a 
domestic dwelling forming part of a larger construction, a commercial construction, and 
a mobile building. 

10 28. A co-generation system as claimed in claim 27 wherein said mobile home is 
selected from the group: a recreational vehicle, a mobile home, a mobile vehicle, a 
yacht, and an aircraft. 

29. A co-generation system as claimed in any one of the preceding claims wherein 
15 the systems further comprises means to transfer excess electricity generated to a power 
storage means. 

30 A co-generation system as claimed in claim 29 wherein said power storage 

means is a power grid network. 
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